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Worcester, Mass,

July %, 1941

Lieutenant Colonel Harley Latson, Distriect Engineer

U. 8+ Engineer Office

Providence, Rhods Island

Dear Sirs
I submit the following report of tests of
the Northampton Pumping Plant Model, The work was

carried on during the vperiod from ey, 1940 to June,

1941

Yours very truly,

{Signed) C,s M. Allen, Director
Alden Hydraulie Laboratory
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Roport of Model Tests on

NQRTHAMP?QN FUMPING‘?LﬂﬁT‘
SUMMARY
4 wooden model of the Norfhampton Pumping Plant ﬁas congtructed
1/10th full size to study the flow conditions, The model comprissd the
sewer inlet, the gravity conduit, the intake conduit, the lateral spili-
way and a portion of the overflow conduit,.
1t was founﬁ that with o totol inflow of L00 cufes. and 300 cafese
flowing to the pumps, thoe latoeral spillwsy ﬁischarged 100 cefsse within
the design limitﬁtions, the watar.level being ot clev. 107 at the end of
the sower inlet, | |
In tho original layout, having tho sewer inigt in line with the
grovity conduit, bod flow condifions were observed in the transition atl
the end of the-SGWGr intake and around thc nose of the dividing piler be-
tween the gravity and pump intske conduits, Locnting the scwer intoke
Csymmotrically between the gravity ond pump intoake conduits greatly ime
proved the flow conditions. The most repid wall divergence, consistent with
satisfactory hydroulic performance, that could be used in the transition
&t the snd of the sewey inteke vas found to be 1i5 for ench sido.
AUTHORITY
Theso tests were made undor cuthority conveyed by Contracts
Noa VWimH99mong=T5h doted Moy 20, 1939 and No. Vieb99-cng=1312 dated
Docewmber 17, 19,0 betweon the United Stotes of americn wnd the Alden
Fydraulie Laboratory of the Worcestor Folytechniec Institube.
OBJECT
The object of thesce Tesis was to determines
1« Thoe flow conditions in the gravity and inteke conduits with the de-

sign flow of hOO CefsSe

-]



2. The elevation of the water surface required te ccuss the latoral
spillway to dischaorge 100 o.fes. with 300 c.fese flowing to the
PAmpS

%3, The best form of transition at the sewer inlet.

DESCRIPTION QF PROJECT

The Northompton Pumping Station is loonted in Northeupton,
Mossochusett, at the peint where the Horthempton lLevee crosses the cld
bed of ¥ill River. It will bo used to discharge sterm and sanitsry sowage

frem on arca of ebout 770 acres, including proeticnlly the entirc city of

bt

Jorthompton, through the lovee,.

During periecde of nermel stoge on the Conncetleut River, ony rune
off from the aroalwill flow throush the gravity oonduit imto tho bed of
Mill River dewnstream from the nrotection works, YVhen the river stage
exceeds 100,0 mes.l,, the gravity conduit will be cloéed, and the flow.
will be discharged by the pumps.

The maximum design flow is LOO c.f.s. snd the required design
capacity of the pumps 300 c.f.s. A latersl spillway and storage pond
i1l be provided to temporarily store water which cuannot be discharged
immediately by the pumps. To provide a further factor of safety and
flexibility of operation, excess pump cepscity was installed, making
the total capacity LOO c.f.sy ab & stage of 119.0 m.s.l. The pumping
capacity deereases with increasing river stage, and is 5&0 Cefusy
with thg river &t elev. 127.0, the moximun design grade.

Reference is made to Plates Hos. 1, 2, 3, and la _ .

DESCRIPTION QF MODEL

A weoden model of the Morthempton Pumping Plant was made

1/10tk full size according to the designs included as Plates Nos.



% and Ls It comprised 20 £%, of the sewer intake, the gravity conduit

as far-# the outlet slulce gate, the intake condult leading to the

pumps, a swall portion of the »ump swmp, the lateral spillway, and 38 ft.
of the overlflow concuit leading to the st@rage pond. The top of the model
was left open, all of the walls terminating at e¢leve 111.0.

Weter wes supplied to the medel through a calibrated gt x L
Venburi meter which discherged into a hsad box 8 £f£. = 7 f£t. &" in plen.
The bead box was large enough to insure gquiet approach conditions. The
wetey digschorged from the head box into the sewer intake conduit which
vins fitted with & bell mouth entrance to preserve smooth floW'conditions,

The discharge from the gravity conduit and pump inteke flowed
into a weir box in whicﬁ was located s 90° "W" noteh weir., This was used
to measure the discharge flowing to the pumps. The discharge over the
lateral spillway was then determined by subtracting the weir discharge from
the Venturi discharge. The welr was calibrated by comparison with the Venturi
meter. A tilting gate was located in the nump sump to adjust the distribution
of flow betwsen the latersl soiliway mnd the pump intske,

The overflow condult was continued for %8 ft. beyoﬁd the lateral
spillway. For ths mo@al test this conduit wes isid parallel to the other
condults end discharged upstream, 8top logs, located at the end of this
condult, provided control of the water level,

The discharge of the Venturi meter was measured by means of &
differsntial mercury mancmeter. YThe head on the "V'" notch weir was moasured
in s i" vertical gege glass.

The arrangemcnt. of the model is‘shown in Plate No, 5 and Photos.

No. 1, 2 snd 3.



OMPUTATION OF PROTOTYPE QUANTITIES

Quanbity crle Fag?pt_ ‘ Derivation

Length - 10 By definition

Head 10 By definition

Area . 100 Since Aren = (Longth}e

Volume 1000 Sinco Volume = (Length)?

Volocity %416 Jince Velocity =v/ 2gH

Discharge 3162 Since Discharge = (Area) (Velocity)
Roughness n" Tely7 From Manning's Formula for Pipe Roughnoss

A1l dimemsiong sud guantitics in the
toxt arc eretotuye velues

Rb JLTS

As the plont wos originelly designod the sewer intake was

r-‘

locoted on the right side of the structure in line with the gravity conduit,
o 3 [

r\

prrengement there wes o onc-sided flarec as a transitlon between

inteke and the rack chawbor. The model tosts showed thoet the flow
never fiiled this trensition resulting in o high valoeitj stream of water

on tho right side and o large heck ¢ddy on the left, The high veloolty
stronm of water from the sower intale enused very disturbed flew conditions

around the pler nose seoperntling

£
ks o]

the groavity and pump intake conduits.
This wus true whethasr the dtschorpe passed through the gravity condult
or through the punp intake concuit,

Very disturboed flow conditlons were found in the pump
intake ceonduit with & flow of 100 c.f.s. passing over the spillway and
%00 cofese geing to the pump sumps A pert of this disturbonce wes causcd
by the pier nose snd the remainder was due to the high velocities and
abrupt chenges in sectlon in the pump intalke conduit, With 100 c.f.s,

passing over the spillway, the water anproached the crest at such a smell



angle that the first 2 ft. of the crest was practically dry. At the

other end of the spillway the wmter had a depth of Le5 ft. Water surface
profiles for various flow conditions with the model as originally de=
signed are presented in Plate No. 7. These flow conditicns are also shown
in Photos. bo. L and 5.

MODIFICATIONS TO MODEL

As mey be seen in Photo No. 5, the upstresm end of the spillway

A
is relatively ineffective. Undoubtedly, the length of the spillway could
be reduced several feet if this change were desirable., No test data were
taken of the effect of such‘ohanges.

An efiort was made to improve bthe flow in the pump intake conduit by
making the 1'low slope down more gradually in the hope of graduelly decelew
rating the velocities in this conduit. To this end a bottom filler plece
was instslled which changed the boltom slbpe from 1 on 3,1 to 1 on 7.l.

Water surféco‘profiles, included as Plate Noe 8, show thet this change caused
ho appreclable effect upon the Flow condibions.

At this point in the tests, the upstream end of the model was rebﬁilt
locating the sower inteke halfway between the gravity gnd ths pumn intake
oconduits., This mede possible & symacbrical transition at the end of the
sower inteke. Bach side wall diverged 1:5 from the conterline of the conduit.
This arrangement of the model is shown in Photos No. 6 and 7.

The modificetion of the medel improved the flow conditions with all
combinations of discherge. The water nowifollowed the flare, there being
no baclt oddies. Sinece the flow followed the transition, the water
velocities in the rack chamber were materially reduced and more uvniformly

distributed. This, in turn, redused tho disturbed flow condition at the

plor nos: between the gravity and the pump intske conduits, Naturally,



some of this improvement was roflected in the flow conditions in the

pump intake conduit with weter passing over the loteral spillway, However,
the flow in this region was still quite disturbed as may be seen in

Photos, No. 8 and 9. Flow conditions in the gravity condult are shown

in Photos. Wo. 10 and 1l. Water surface profiles for these test conditions
are shovm .in Plate No. G,

. An effort was made to make the trunsition shorter by inercasing
the ﬂivcrgsncc of the sids walls., Divergences of 123, Llili snd 1:lW5 were
tested but side oddies were found in all of them. The rcason for the long
sapering transition in this casc apparently lies in the fact that the draft
immediately downstresm from the transition is always one-sided, whether the
gravity conduit or the pump intake is in use. Thus o transition having
very steble {low conditicons is required if consistent flow conditioﬁs are

to be maintained.

GRHERAL COMMENTS

The accuracy of the construction of the model and of the
measurements was estimated as follows. When originally constructed, all
dimensions were reproduced within 1/32% in the model which corresponds
to 5/16" full size. After being in use for some time it wams Tound that the
model dimensions were within 1/@“ of thelr true values whiéh coerresponds
to I~/ full size, The wator surface profiles were measurcd with a
surveyor's level and o ruler., Tt is bolieved that the elevations so
measured were within 1" (full size) of their true velues.

The discharge ﬁas measured with a calibrated 8" x 4" Venturi

meter. It is estimsted that the discharpgs meaeurements ﬁera within 2%

of their true valuos,



The test work was carried on under the direct supervision of
Prof. T. J. Hooper of the Alden Hydraulic Laboratory staff. Mr. John Ay -
Homor, Junior Engincer, represvnted the Us. 8. Engincer Office, Providence,
Rhode Island, during the tests.

The modal tests were made in comnschtion with the preparation of
plans for Connecticub River Plood Control which at the time of the tests
vas under the generel supervisien of Lf. Cols J. S. Bragdon, District
Engincer and is nov under Lt. Col. Herley Latson, District Engineers and
¥r. Te 84 Burns, Chief of Engineering Division., Close cooperation was
maintalnes with the laboratory by lir. J. Be Drisko, head of the Hydrauliecs
and Reports Section,

GONCLUSIOES

These model tests of the Horthampton Pumping Plent showed
thats
le The flow conditions, while rough, were acceptable.
2e The.lateral gpillwey discharged 100 cefesa with 300 cefase

flowing to the pumps within the design reguirements.
3s A symmetrical transition st the end of the sewer intaks materially

improved the flow conditions.

Respectfully submitted,

(Signed) C. ¥. Allen
Alden Hydrauvlie Laboratory
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